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Abstract—Utilization of the UWB antenna as a main device 
for breast cancer detection is an interesting research topic in the 
last five years. This detection method is well-known as Ultra 
Wide Band (UWB) Microwave Imaging. In this paper, a stairs-
shaped microstrip antenna was successfully designed to satisfy 
the UWB technology standard. The numerical evaluation of the 
antenna performance shows that the antenna is well operated in 
the frequency range from 3.5 to 7.2 GHz (computed using Ansoft 
HFSS v13) and the frequency range of 4 - 7.3 GHz (computed 
using CST Microwave Studio). In the numerical experiments to 
verify the actual operation of the constructed breast cancer 
detector the homogeneous breast phantom was generated in close 
proximity of the antenna system at various different locations. 
The more interested study was performed by altering the 
antenna position to cover the whole surface of breast phantom 
with a variety of tumor size. It is obviously that the antenna 
system movements do really affect the electrical properties of the 
medical diagnostic instrument such as radiation pattern, current 
distribution, VSWR and S11. There are two main antenna 
parameters continuously recorded as an impact of the instrument 
movements and of very interested to be analyzed i.e. the 
resonance frequency and the return loss. The study also found 
that the effective angle to perform the breast cancer scanning 
task is about 0 degrees and 15 degrees, respectively. Outside the 
range the instrument has a poor scanning capability. 
Keywords– UWB microstrip antenna, Breast-Cancer monitoring, 
Microwave Imaging, and Breast Phantom. 
 
I. INTRODUCTION 
The breast cancer is the most common disease and the 
second biggest cause of the women death in Indonesia after 
the cervical cancer disease. To reduce the impact of the breast 
cancer, the knowledge and awareness should be improved 
regarding the potential serious effects of the breast cancer. The 
existing medical instrument available in the hospital that 
capable to perform the breast cancer detection is so called 
mammograms. The instrument, which is quite expensive and 
bulky, is only able to detect the potential breast cancer of the 
critical levels 3 and above. It is relatively difficult to detect the 
earlier levels, i.e. levels 1 and 2.  Therefore, early monitoring 
and detection of the breast cancer utilizing the simple, 
compact, user friendly and low cost devices is essentially 
required and widely available in the market [1-2]. 
Various methods with different tools have been used in 
breast cancer detection, the commonly used is the x-ray 
mammograms, ultrasound imaging and MRI. These methods 
still have some limitations, the tool is not able to detect breast 
cancer at all age levels, the level of sensitivity and accuracy 
are still very low and high cost [3-6]. These limitations 
motivate scientists to find a method that can resolve those 
issues. Therefore, a detection technique has been developed by 
utilizing Ultra Wide Band (UWB) with a frequency of 3.1 
GHz to 10.6 GHz according to the Federal Communications 
Commissions (FCC) standard. This technology is known as 
Ultra Wide Band (UWB) Microwave Imaging [7]. 
UWB Microwave Imaging uses antenna as a primary 
detection tools to transfer microwaves power from transmitter 
to the breast surface. Reflected power from breast is used by 
the antenna as a parameter to determine the presence of the 
tumor. This technology is suitable for medical applications 
because it has many advantages such as non-ionizing, non-
invasive, high sensitivity, low cost and also safe for the patient 
[7-8]. 
In this paper, the numerical assessment of the early breast 
cancer detection technique were performed by comparing the 
reflected power recorded from various different places in the 
close proximity area of the breast surface. Both Ansoft HFSS 
V13 and CST modeling tools are used to simulate and to 
verify the constructed antenna and the homogeneous breast 
phantom under investigated. The antenna parameter generated 
from simulation which used as a reference in the statistical 
analysis is including the return loss value and the resonant 
frequency. 
 
II. STAIRS PATCH ANTENNA DESIGN 
 
The basic structure of the stairs-shaped microstrip patch 
antenna is depicted in Fig. 1. The dielectric material of the 
antenna is in the form of a FR4 Epoxy substrate with the 
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physical dimensions of 22 mm x 24 mm x 1.6 mm. The top 
radiator layer consists of a thin layer composed by the copper 
material, this is called as patch layer. The bottom conducting 
layer of the antenna consists of a thin layer which acted as a 
ground. Both top layer and bottom layer of the microstrip 
antenna are the perfect electrical conducting materials. The 
RF-port of the antenna design applies the edge-feeding 
technique. 
The antenna has been designed based on the standards of 
UWB technology for biomedical applications. The antenna 
performance is verified by the numerical analysis method, i.e. 
Finite Element Method (FEM) of Ansoft HFSSv13 and Finite 
Integration Technique (FIT) of CST Microwave Studio. The 
generated computing results of the return loss using both 
HFSS and CST software exhibited the excellent S11 profiles. 
Evaluation of the antenna performance with Ansoft HFSSv13 
simulator shows that the antenna is suitable to operate in the 
frequency range of 3.5-7.2GHz with the available bandwidth 
of 3700 MHz. This antenna well resonates at a frequency of 
3.9 GHz and 6.5GHz with the excellent S11 achieved around -
40 dB. While using CST Microwave Studio simulator, the 
simulation results show that the antenna operating frequency 
is in the range of 4-7.3 GHz (3300 MHz bandwidth) with the 
best resonant frequency appeared at 4.5 GHz and 7 GHz. The 
S11 values lied between -17 dB to -20 dB. It is clearly 
illustrated in Fig.2 that there are three significant differences 
of both S11 plots obtained using HFSS and CST including the 
bandwidth, the resonant frequency and the impedance 
matching. The results comparison is depicted in Fig. 2.  
 
 
(a) 
 
(b) 
 
(c) 
Figure 1. Microstrip Antenna Structure: 
(a) Side View, (b) Top View, (c) Bottom View 
 
Figure 2. Return Loss Characteristics of UWB Antenna 
 
III. PERFORMANCE EVALUATION OF EARLY BREAST 
CANCER DETECTION SYSTEM 
 
The design and simulation of the early breast cancer 
detector system exploited the powerful capability of Ansoft 
HFSSv13 simulator. The 3D models designed consists of a 
microstrip antenna which has a patch of stairs models, 
homogeneous phantom breast composed of skin layer, fatty 
tissue layer and a spherical tumor inside of the breast 
phantom. The dielectric properties of tumor are tabulated in 
Table 1. In the simulation, the antenna is placed at a distance 
of 0 cm from the surface of the breast phantom by varying the 
size of the tumor and the angle between the antenna and the 
phantom. Tumor size used in this simulation is 10 mm, 15 
mm, 20 mm and conditions without tumors at an angle of 0o, 
15o, 45o and 75o. The numerical computing mechanism to 
evaluate some interesting issues such as the movement impact 
of the early breast cancer scanner to perform in actual life to 
the instrument electrical properties; and the device interaction 
and responses to the existing breast phantom structure are 
shown in Fig. 3 and Fig. 4, respectively. 
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Figure 3. Numerical Computing Experim
Figure 4. Breast Phantom Structure and An
Instrument Set-Up 
 
TABLE I 
DIELECTRIC PROPERTIES OF BREAS
 
 εr μr 
Σ 
(S/m
Skin 36.587 1 2.340
Fatty Tissue 4.8393 1 0.2622
Tumor 67 1 49 
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Numerical analysis of antennas performance on handling 
the early breast cancer detection task in this study refers to the 
characteristics of both resonant frequency and return loss. The 
results can be observed through the return loss (S11) 
characteristics as shown in Fig. 5. Analysis of the simulation 
results with various tumor sizes shows the same trend. This 
trend is described in terms of the resonant frequency shift. 
These observations were completed at the frequency below 4 
GHz. The resonant frequency of each angle 0, 15, 45 and 75 
degrees (each antenna system position described in Fig 3) is 
3.2 GHz, 3.3 GHz, 3.3 GHz and 3.4 GHz, respectively. 
For another review, analysis focus onto angle between the 
breast phantom and antenna. From this analysis it appears that 
increasingly shifting the angle between the antenna and the 
phantom (from 0 degrees to 75 degrees), the reflection 
coefficient value generated will be greater. This is caused by 
the electromagnetic radiation received by the tumor is also 
altering due to changes in the position of the antenna. These 
changes led to the energy absorbed by the tumor becomes 
smaller. 
This investigation is effectively done at 0 degrees and 15 
degrees. At this angle is seen that the larger the size of the 
tumors cause the reflection coefficient value is smaller. More 
and more energy is absorbed due to the greater dimensions of 
tumor resulted in reflected power getting smaller. 
In order to obtain more technical issues related to the 
impact of the medical instruments movements during the 
cancer disease diagnostic, the experimental evaluation must be 
also performed on the next step of research activities. The 
measured electrical properties such as S11, VSWR, radiation 
property, and the current distributions are the most important 
things that must be further analyzed.  
 
IV. CONCLUSION 
 
Stairs microstrip patch antenna has been designed and 
simulated using Ansoft HFSS v13 and CST Microwave 
Studio. As the main element of a particular breast cancer 
monitoring and detection system the constructed UWB 
antenna was numerically evaluated to characterize its 
electrical properties under the condition that the medical 
detector instrument was flexibly moved to scan the whole 
breast surface. The experiment showed that the bandwidth of 
the antenna did not really much changing while it removed 
close to the breast surface. However, its movements in the 
close proximity of the breast did significantly vary the 
reflected power back to the image processing antenna unit.   
The antenna position on breast phantom surface affect the 
antenna performance based on the resonance frequency and 
return loss value. Effective angles of the breast monitoring and 
detection system to perform well accurate experimented in this 
simulation are 0 degrees and 15 degrees, respectively.  
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